A case of superficial necrolytic dermatitis in a young laboratory beagle dog with diabetes mellitus was investigated. Macroscopically, the skin lesion was restricted to paws showing erosion and swelling of the interdigital areas. The most predominant histopathological feature was upper-epidermal vacuolation of keratinocytes. In the pancreas, the number and size of islets were found to be markedly reduced, and only glucagon-positive cells were detected. In the liver, severe and widespread vacuolation of hepatocytes was observed. Blood biochemical assays showed that the serum glucose and plasma glucagon levels were increased. In addition, levels of individual amino acids varied markedly, although the total amino acid concentration was within the normal range. From these results, it was suggested that the skin lesion in this case was primarily caused by hyperglucagonemia in diabetes mellitus.
It has been pointed out that superficial necrolytic dermatitis in dogs clinically and histopathologically similar to necrolytic migratory erythema in human beings is often associated with diabetes mellitus or glucagonoma (7, 13, 14) . Diabetes mellitus is relatively common in dogs. However, superficial necrolytic dermatitis is a rare cutaneous disease in this animal species (7) . This report describes the gross, biochemical, and histopathological features of a case observed in a young laboratory beagle dog suffering from diabetes mellitus.
A 6-mo-old male beagle dog was purchased from Imamichi Institute for Animal Reproduction (Ibaraki, Japan) for use in a toxicity study. The animal was maintained in a separate steel mesh cage in an air-controlled animal room and given 300 g/day dog food (DM-3, Oriental Yeast Co. Ltd., Japan) and tap water ad libitum. During the first month after the purchase, no clinical abnormalities were detected. At 7 mo of age, the body weight began to decrease, and erosion and swelling of all the paws were found. The animal then demonstrated rapid deterioration of general condition and was euthanized at 2 wk after the appearance of clinical abnormalities and necropsied. The representative organs were fixed in 10% neutral-buffered formalin, embedded in paraffin, sectioned at 4 /-Lm, and stained with hematoxylin and eosin (H&E).
Periodic acid Shiff (PAS) and Masson's trichrome stains were performed on liver, kidneys, and pancreas. Double immunohistochemical staining for glucagon and insulin (Dako Japan, Kyoto) were applied to pancreas by the ABC method (LSAB kit, Dako Japan) using paraffin-embedded sections. First, the slides were incubated with the anti-insulin antibody for 1 hr and stained with diaminobenzidine to detect insulin-positive areas as brown spots. Second, these slides were incubated again with anti-glucagon antibody for 1 hr and stained with diaminobenzidine plus nickel to detect glucagonpositive areas as black spots. The slides were counterstained with methylgreen. Three days before the sacrifice, blood was collected for biochemical assays. Increases of serum glucose, as well as alkaline phosphatase (ALP), aspartate aminotransferase (AST), total cholesterol and amylase, were evident, and there were no abnormalities evident upon hematological examination (Table I ). In addition, the plasma glucagon level was increased to 4 or 5 times the normal level (normal mean: 109 ± 23; Table I ). The plasma insulin level was not measured. Although the total plasma amino acid concentration was within normal range, many amino acids showed variation: taurine, glutamic acid, a-aminobutyric acid, valine, isoleucine, 3-methyl histidine, and ornithine being increased, and hydroxyproline, glutamine, alanine, citrulline, methionine, tryptophan, and arginine being reduced (Table II) .
Macroscopically, the dog showed severe emaciation and marked atrophy of fat in the subcutis and abdominal cavity. The swelling of all the paws was evident, and the erosion in the interdigital areas of the paws and the pus accumulation in the subcutis on the cut surface were observed grossly. Scab formation was also detected on the inside surface of the right rear paw. Skin lesions were limited to the foot pads and haired skin of paws and could not be found on other areas of the body. Examination of (12) . visceral organs revealed the liver to be uniformly yellowish and dull. The kidneys featured slightly white areas in the cortex. The thymus was markedly atrophic.
At low magnification, cutaneous lesions showed a red, white, and blue layered appearance, the superficial layer of keratin accumulation being stained &dquo;red,&dquo; the middle layer of vacuolated pale keratinocytes &dquo;white,&dquo; and the deep layer of hyperplastic basal cells &dquo;blue&dquo; (Fig. 1 ). Intracellular edema or ballooning degeneration of keratinocytes was characteristic in the upper-half of the epidermis (Fig. 2 ). Dissociation of the superficial keratin accumulation from necrotic keratinocytes and exfoliation of the upper keratin layer were observed in sites where ballooning was advanced. In some lesions, pronounced superficial pustulation and crusting were noted often accompanied by basal cell hyperplasia. Inflammatory cells including lymphocytes, macrophages, neutrophils, and plasma cells infiltrated into the epidermis. In some areas where superficial pustulation was evident, abscess formation was observed. No vascular changes were detected in the cutaneous lesions.
The liver showed vacuolation of enlarged hepatocytes negative for PAS throughout the lobules (Fig. 3 ). There was no infiltration of inflammatory cells. Masson's trichrome stain revealed no increase in connective tissue in the lobules and/or portal areas of the liver. In the pancreas, the number and size of islets of Langerhans were markedly reduced by H&E, and only glucagon-positive cells were detected in the islets as black spots by double immunohistochemical staining for insulin and glucagon (Fig. 4 ). Scattered pale eosinophilic foci, being positive to Masson's trichrome stain and considered to be sclerosis, were observed in the stroma of pancreas, although inflammatory changes were not apparent. Histopathologic changes relating to the increase of amylase level were not observed in the acinar cells. In the kidneys, mild cytoplasmic vacuolation was observed in the proximal tu- present study was diagnosed as having primary diabetes mellitus on the basis of elevated serum glucose, increased plasma glucagon level, and histopathological changes in the pancreas, liver, and kidney.
The cutaneous lesion in the present case, featuring vacuolation of superficial keratinocytes and hyperplasia of the basal layer, were characteristic of canine superficial necrolytic dermatitis and human necrolytic migratory erythema (6-8, 13, 14, 16, 17) . In dogs, the dermatohistopathological changes in this disease vary depending on the stage of the lesion (7, 14) . Differential diagnosis from other cutaneous lesions such as pemphigus, pellagra (niacin deficiency), and zinc-responsive dermatitis is very important (13, 14, 20) . Pemphigus affects similar sites in the epidermis, but it usually involves other sites and acantholysis, not evident in this case (20) . An immunofluorescence test for the presence of IgG antibody, which is usually used for diagnosis of pemphigus (20) , was not performed. No nutritional abnormalities were present in our dog, fed a nutritionally balanced dog food, and other animals (about 20 dogs including the littermates of the affected animal) maintained under the same conditions did not exhibit any cutaneous lesions. These results precluded pellagra and zinc-responsive dermatitis (13) . Other cutaneous lesions such as superficial bacterial or fungal infection or demodectic pododermatitis were also ruled out, because of absence of detectable etiologic agents and microscopic features in this case. The pathogenesis of superficial necrolytic dermatitis or necrolytic migratory erythema has not been well established, although glucagonemia, hypoaminoacidemia, or deficiency of zinc have been considered to be causally related (7, 13) . In dogs and humans, the disease is often observed in combination with a glucagonoma (1, 2, 6, 7, 10, 18) . The typical cutaneous lesions are also found in animals showing hypersecretion of glucagon, such as those with diabetes mellitus, liver cirrhosis, or pancreatitis (1, 7, 14, 18, 19) . The affected dog in the present study also showed hyperglucagonemia. These results suggest that hyperglucagonemia is causally associated with the skin disease in this case. However, cases of human necrolytic migratory erythema without glucagonoma and canine superficial necrolytic dermatitis without hyperglucagonemia have also been reported (4, 5, 7, 11, 17, 18) . On the other hand, it has been reported that most cases are accompanied by hypoaminoacidemia (7, 9, 14, 15, 20) , suggesting that depression of serum amino acids may directly result in protein depletion in the epidermis leading necrolysis, because some plasma amino acids are considered to be necessary for maintenance of epidermis (7, 9, (13) (14) (15) 18) . In this case, individual amino acids varied greatly from the normal level, but the total amino acid concentration was in the normal range. In the present case, however, it is unclear whether or not depression of specific amino acids was related to the occurrence of superficial necrolytic dermatitis. It has also been considered that hepatic changes with functional abnormalities are related to this cutaneous lesion (11, 14) . Liver cirrhosis was reported in some cases with superficial necrolytic dermatitis at necropsy, although a histological examination of the liver was not done in most of the cases (7, 8, 14) . Hepatic metabolic abnormalities, which were not severe, were suggested in the present case with a clinically elevated concentration of ALP and severely vacuolated hepatocytes, but not cirrhosis. Gross et al (7) reported vacuolation of the hepatocytes, which was oil red O-positive in dogs with superficial necrolytic dermatitis. In this case, oil red 0 staining was not performed, although vacuolated hepatocytes were observed. They (7) and Boden et al (3) also reported that persistent elevation in glucagon secretion may promote morphological vacuolar degeneration of hepatocytes and metabolic change through persistent stimulation of gluconeogenesis. These results indicate that diabetes mellitus led to secondary hyperglucagonemia and then vacuolar hepatopathy in the present case, although the relation between the skin lesion and hepatic metabolic abnormalities was not confirmed.
In conclusion, it was suggested that the skin lesion in our case was primarily caused by hyperglucagonemia, al-though the detailed pathogenesis of this disease remained to be still undetermined.
